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ABSTRACT 

This paper discusses the results and the recent sratus of the study by radiolar- 
ians as tracers for erosional events, especially for those of Jurassic and pre- 
jurassic accretionary complexes in the Outer Zone of SW Japan. As a test 
case to clarify' the provenance of radiolarian-bearing gravels in conglomerates, 
the author reviewed the work previously done to trace the source rocks 
within oceanic-plate stratigraphy successions from monomictic chert-pebble 
conglomerates of the Lower Cretaceous Ryoseki-Monobegawa group. The 
group is a molasse typical of paralic sedimentary facies in the Outer Zone of 
SW Japan. 
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RhSUMfi 

De 1'utilisation des radiolaires com me indicateurs de provenance des graviers 
dans les molasses cretacees inferieures (zones extemes du SW Japon). 
lx present article discute des implications qu’a ('utilisation recente des radio¬ 
laires comme indicateurs d’dvdnements erosifs, en particular de ceux de com¬ 
plexes d'accrdrion jurassiques et antc-jurassiqucs au SW Japon. Comme 
etude de cas pour dclaircr la provenance de graviers k radiolaires des conglo- 
merats, rautcur cffectne une revue des series stratigraphiques synthetiques 4 
partir des conglomdrats monogeniques a galcts de cherts du grotipc Ryoseki- 
Monobegawa du C re race inferieur. Ce groupe molassique est de facies sedi- 
mentaire paralique typique des zones extemes du SW Japon. 
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INTRODUCTION 

In the last two decades, radiolarian researchers in 
Japan made an effort to clarify the Permian, 
Triassic and Jurassic biostratigraphy, and estab¬ 
lished many radiolarian biostratigraphic /ones 
(e.g., Ishiga 1986 , 1990 ; Matsuoka & Yao 1980 ; 
Yao 1990; Matsuoka 1995 cic.) wiihin accre¬ 
tionary complexes (AC; Taira et ill. 1981 ). They 
analyzed bed by bed the faunas from blocks of 
pelagic sediments in melanges and olistostrornes. 
It contributed to reconstruct the oceanic plate 
stratigraphy (OPS) from these tectonically dis¬ 
rupted sedimentary rocks (e.g., Matsuoka 1984 ; 
Ishida 1987 ; Hada & Kurimoto 1990 ; lsozaki 
1997a), as well as to distinguish geologic units 
and to clarify their spatial distribution (Mizutani 
1995 ). 

Radiolarians arc important indexes for the 
Paleozoic and the Mesozoic. Their size averages 
10’ 1 mm. They are therefore small enough to be 
reworked as an inclusion into clasts of various 
size and even in sand grains. This property is 
effective to analyse crosional events. Radiolarians 
are available for identifying source rocks of elas¬ 
tics. 

The “clastic approach” of radiolarian dating 
appears particularly appropriate lor chert-bearing 
terrane analysis of the Canadian Cordillera 
(Cordey 1992). In case of California Coast 
Ranges, analysis of radiolarian chert-pcbblcs is 
more effective than sandstone component not 
only for the ptovenancial study but also for clari¬ 
fying the tectonic movement along the transform 
fault (Sctders & Blome 1984 , 1988 ). 

This paper deals with crosional events following 
the setting of accretion ary complexes. This is one 
test case in the reconstruction of OPS from the 
gravels -and clasts in the monomictic conglome¬ 
rates. In this case, radiolarians in gravels are used 
as tracer; for erosional events, This type of test 
will become a great help to study the orogenic 
and/or erosional events in the marginal area of 
the Late Mesozoic F.ast Asian continent. 


GEOLOGY OF SW JAPAN 

With respect of the continuity of the pre- 


Neogene orogenic units and ACs, at least the 
southwest side of the Tanakura Tectonic Line is 
regarded as SW Japan. The post-Neogene geolog¬ 
ical province of SW Japan is subdivided into the 
Inner Zone on the continental side and the 
Outer Zone on the trench side by the Median 
Tectonic Line (MTL). Based on a palcobiogco- 
graphical study, the left-lateral slip movement 
along the MTL is tegarded to reach about 
1500 km alter the Early Cretaceous time 
(Tazawa 199.1). Concerning the prc-Neogene 
geology, nappes and klippes of the Pcrmo- 
Triassic orogenic units and Jurassic ACs are dis¬ 
tributed in the Inner and the Outer zones of SW 
Japan (Tig, 1). The Inner Zone of SW Japan is 
composed of the Hida, Marginal Hida, Akiyoshi, 
Sangun, Mai/.uru, Ultra-Tamba, and the Mino- 
Tainba belts from the north to the south. 

The Hida Belt is mainly composed of gneisses 
with intrusion of Permian-Jurassic granites. The 
ietori group of the Middle Jurassic-Lower 
Cretaceous shallow-marine and non-marine for¬ 
mations unconfbrmably overlies these gneisses 
and granites. The Hida Belt is situated in the 
most continental side of SW Japan, and is sup¬ 
posed to thrust on the Akiyoshi, Sangun, 
Maizuru and the Ultra-Tamba belts. 

The Marginal Hida Belt is situated between the 
Hida and the Mino-Tamba belts. It is supposed 
to thrust upon the Mino-Tatrtba Belts together 
with the Hida Bek. The Marginal Hida Belt is 
composed of Paleozoic complex with Triassic lor- 
mation that are uticonforirtably overlain by the 
Lower-Middle Jurassic Kuruma group. The 
Paleozoic complexes appear to be serpentinite 
melanges that include blocks of glaucophane 
schists, amphibolites. Early-l ate Paleozoic clastic 
sediments with limestones. 

The Akiyoshi Belt is composed of the Middle- 
Late Paleozoic ACs and the Mesozoic cover for¬ 
mations, The Late Paleozoic ACs contain large 
blocks of Carboniferous and Permian limestones 
with basalts as well as blocks of Permian cherts, 
mudstones and sandstones. The Mesozoic shal¬ 
low-marine and brackish cover formations are 
the Triassic Naiiwa group and the Jurassic 
Yamaoku formations. 

The Sangun Belt is mainly composed of 180- 
230 Ma glaucophane schists and slates that are 
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Fig. 1. — Zonal distribution of pre-Neogene orogemc units and accretionary complexes in SW Japan. A, Hida; B, Marginal Hlda; C, 
Akiyoshi; D, Sangun; E. Maizuru; F, Ultra-Tamba, G, Mino-Tamba belts ot the Inner Zone; H Sambagawa-Mikabu; I, North Chichibu; 
J, Kurosegawa; K, South Chichibu belts: L, Shimanto Superbelts of the Outer Zone. MTL, Median Tectonic Line: TTL, Tanakura 


Tectonic Line. 

originated from mudstones, sandstones, and 
basalts with cherts of the Late Permian ACs. 

'Hie Maizuru Belt is composed of Paleozoic basic 
rocks (Yakiino ophiolite) and Middle-Late 
Permian slope basin deposits (Maizuru group) 
that are unconformably overlain by the Lower- 
Middle Triassic Yakiino group. 

The Ultra-Tamba Belt is subdivided into three 
nappes. The highest nappe of the UT3 is com¬ 
posed of Upper Permian mudstones and green¬ 
stones with cherts and Upper Carboniferous 
limestones. Intermediate nappe ot the UT2 is 
composed of Upper Permian siliceous mudstones 
with Lower-Middle Permian bedded cherts. The 
lowest nappe ot the UTl is composed of Middle- 
Late Permian mudstones and greenish sand¬ 
stones. The Permian formations of the UTl ace 
unconformably overlain by the non-marine 
Lower Cretaceous Sasayama group. 
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The Mino-Tamba Belt is composed mainly of 
the Early Jurassic-earliest Cretaceous ACs that 
are intruded by the Late Cretaceous Ryoke gran¬ 
ites. 1'hey are unconformably overlain by the 
Late Cretaceous volcano-clastic formations 
(Nohi rhyolites) and the Paleogene non-marine 
conglomerates. The Early Jurassic-earliest 
Cretaceous ACs are subdivided into several tec¬ 
tonic units. They are composed of Permian, 
Middle-Upper Triassic and Lower-Middle 
Jurassic cherts with Early Triassic siliceous clay- 
stones, Jurassic-earliest Cretaceous mudstones 
and turbidites. These ACs also contain blocks of 
Upper Paleozoic limestones and basaltic green¬ 
stones. 

The Ourer Zone of SW Japan is composed of 
the Sambagawa-Mikabu, North Chichibu, 
Kurosegawa, South Chichibu belts and the 
Shimanto Superbelt from the north to the south. 
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The Sambagawa-Mikabu Bell is composed of the 
Sambagawa crystalline schists and the Mikabti 
greenstones. This belt is supposed to consist of 
the Early Jurassic-Early Cretaceous ACs. 
Multiple nappe structure is characteristic in this 
belt. The Sambagawa crystalline schists are com¬ 
posed of basic and politic schists with quartz and 
psamnutic schists. Some of the intercalated calcar¬ 
eous schists in the basic schists are originated 
from the Upper Triassic limestones (Suyari et al. 
1980a). The Mikabti greenstones are composed 
of low-metamorphosed gabbros, dolerires, pillow 
basalts and basaltic hyaloclastitcs with Upper 
Jurassic cherts (Faure ct al 1991), mudstones 
and Upper Triassic limestones. They experienced 
H-P/L-T metamorphism during the Cretaceous. 
Metamorphic grade is higher in the northern 
nappes. 

The geometry' of the Ktirosegawa Belt with res¬ 
pect to the Jurassic AC is not yet settled suffi¬ 
ciently. However, after the Early Cretaceous 
time, the lion-mctamorphosed Jurassic AC and 
the pre-Jurassic AC of the Outer Zone of S\V 
Japan arc distributed in a terrane that is called 
the Chichibu Superterrane. The Chichibu 
Superterrane is subdivided into the pre-Jurassic 
AC of the Kuroscgawa Belt, and the Jurassic AC 
of the North Chichibu and the South Chichibu 
belts. 

The Kuroscgawa Bek is situated in the central 
part of the Chichibu Superterrane, and is com¬ 
posed of the Paleozoic AC that is unconformably 
overlain by the Mesozoic cover formations. This 
belt is subdivided into the notch and the south 
units. In the south unit, pre-Jurassic AC is com¬ 
posed of Permian and Middle Paleozoic forma¬ 
tions that are unconformably overlain by shallow 
marine and paralic formations of the Middle- 
Upper Triassic DanneUa-Monoiis beds, Middle- 
Upper Jurassic Torinosu group and the Lower 
Cretaceous Takegatani group. The Permian for¬ 
mations are melanges and slope hasin facies. The 
Middle Paleozoic fromations appears with ser- 
pentinites as lenticular bodies that are composed 
of gneisses, granites and the Silurian limestones. 
The nordi unit is composed of the Permian AC 
that is unconformably overlain by the Lower 
Cretaceous paralic formations of the Ryoseki- 
Monobegawa group. The north unit lacks the 


Middle Paleozoic formations and the Triassic- 
Jurassic cover formations. 

The North Chichibu Belt (NCB) is distributed 
in the north side of the Chichibu Superterrane. 
The NCB is composed of latest Triassic-Middle 
Jurassic ACs that consist of Permian, Middle- 
Upper I'riassic and Lower Jurassic cherts with the 
Early Triassic siliceous claystones, Lower-Middle 
Jurassic mudstones and turbidiies. These ACs 
also contain blocks of the Upper Paleozoic lime¬ 
stones and basaltic greenstones. 

The South Chichibu Belt (SCB) is composed of 
Middle Jurassic-earliest Cretaceous ACs 
(Nakagawa group) and the Late Jurassic-Early 
Cretaceous slope basin formations of the 
Torinosu group. The Middle Jurassic-earliest 
Cretaceous ACs are subdivided into several tec¬ 
tonic units that have the accretion polarity reju¬ 
venating from the north to the south They are 
composed ol Permian, Middle-Upper Triassic 
and l.mver-Middle Jurassic cherts with the Early 
Triassic siliceous claystones. Middle Jurassic-ear- 
licst Cretaceous mudstones and turbidite sand¬ 
stones. These ACs also contain Upper Paleozoic 
limestones and basaltic greenstones. 

The Shimanto Superbelt is subdivided into tile 
North Shimanto Belt (NSB) and the South 
Shimanto Belt (SSB). The NSB is composed of 
late Early-Late Cretaceous ACs and slope basin 
formations. These ACs contain the Lower-Upper 
Cretaceous cherts, and the Izuhara and Hayama 
slope basin formations contain olistoliths of the 
Triassic limestones from the SCB. The SSB is 
composed of the Paleogene-Miocene ACs and 
the slope-basin formations. 

GEOLOGICAL SETTING 

A nappe model of the SW Japan was proposed 
when the recent radiolarian works in Japan has 
started (Faure 1983a, b). At first, the Kurosegawa 
Belt was proposed to he a lower unit as a rem¬ 
nant of the subducted microcontinem (Faure 
1985; Caridroit &t Charvct 1986). In compari¬ 
son with the geology of the Inner Zone of SW 
Japan, the Kurosegawa Belt was proposed to be a 
klippe above the Chichibu Klippe (Isozaki cl al. 
1992). According to Suzuki & Itaya (1994), the 


640 


GEODIVERSITAS • 1999 - 21 (4) 



Radiolarians as tracers for provenance of gravels in Lower Cretaceous molasse (Outer Zone of SW Japan) 


34'N 



Fig. 2. — Geological outline map of the Chichibu Superterrane. 1, Sotoizumi group (Upper Cretaceous slope basin sediments); 
2, Ryoseki-Monobegawa group (Lower Cretaceous paralic sediments); 3, Takegatani group (Lower Cretaceous shallow marine sedi¬ 
ments); 4, north unit of the Kurosegawa Belt (Permian accretionary complex); 5, south unit of the Kurosegawa Belt (Permian accre¬ 
tionary complex with Middle Paleozoic blocks and Triassic-Jurassic cover formations); 6, North Chlchlbd Belt (Lower-Middle Jurassic 
accretionary complex); 7. South Chichibu Belt (Middle Jurassic-Early Cretaceous accretionary complex). 

K-Ar ages of the pre-Jurassic AC in the unconfoimity: Ichikawa et al. 1953). Thus, thin 
Kurosegawa Belt arc Late Triassic to Early shallow-marine Triassic and Jurassic formations 
Jurassic (194-225 Ma). The K-Ar ages of the overlie rhe Paleozoic complexes in the South 
Jurassic AC in the Norrh Chichibu Belt are Kurosegawa unit, whereas they never distribute 
Middle Jurassic to earliest Cretaceous. in the north unit. The Ryoseki-Monobegawa 

The Rvoscki-Monobegawa group in the Outer group and the equivalent Takegatani gtoup 
Zone of ,SW Japan is characteristic of paralic unconformably overlie both units of the 
facies of the Early Cretaceous age (Tashiro 1986; Kurosegawa Belr. The group is composed of 
Tashiro &c Kozai 1991; Kozni 1996; Ishida et al. brackish conglomerates and shallow-marine sedi- 
1992, 1996). The group unconformably overlies merits. They yield autochthonous Barremian 
pre-Jurassic (Permian) melanges of the north unit mollusks (Matsukawa Eto 1987). 
of the Kurosegawa Belt (Ishida et al. 1992). The The Lower Cretaceous formations of the 
Kurosegawa Belt is subdivided into the north Ryoseki-Monobegawa group are composed 
and the south units. They are situated between mainly of conglomerates, sandstones and mud- 
the Jurassic AC of the North and the South srones with seams of tuffs, limestones and coals 
Chichibu belts (Fig. 2). In the south unit, pre- (Fig. 3). In East Shikoku, the group is subdi- 
Jurassic AC with blocks of gneisses, granites and vided into the Tatsukawa, Lower and Upper 
Silurian limestones is unconformably overlain by Uanoura, Hoji and Fujikawa formations’ (Ishida 
the Triassic shallow-marine formations (Sakashu et al. 1992, 1996). These formations yield 
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Fig. 3. — Stratigraphic columns of the lower formations of the Ryoseki-Monobegawa group in East Shikoku. 
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Fig. 4. — Composition and vertical change ot gravels in the Ryoseki-Monobegawa group, East Shikoku. 


autochthonous ammonites, bivalves, eckinoids, 
foraminifers and radiolarians with allochthonous 
plants, non-marine bivalves and dinosaur teeth. 
They indicate Barremian to Albian ages. The 
radiolarian zonation of the Ryoseki-Monobegawa 
group is subdivided into the Architcodictyonutm 
psettdosaddrh (Barremian), Sthhomiird communis 
(upper Aptian) and Pseud ad iayom itr,i pentaco- 
laensis (middle Albian) assemblage zones in 
ascending order (Ishida & Ilashimoto 1991a). 
These zones arc calibrated by co-occurring 
ammonites. These formations form sedimentary 
cycles that are characterized by upward thinning 
and lining sequences under the effect of trans¬ 
gressive events. Growth of the deltaic fan is syn¬ 
chronous with the eusraric change. The 
conglomerates are more chan 100 m thick, and 
are frequenrly intercalated in many horizons 

(big. 3). 

Characteristics of the conglomerates, especially 
the size, roundness, lithology and sorting ot the 
gravels differ in horizons. Basal conglomerate of 
the group is characterized by basaltic greenstone 
gravels and serpentinite blocks that arc interpre¬ 
ted as the result of debris flows. Round gravds of 
quartz-porphyry and fine granite increase in the 
upper horizons, especially above the Upper 
Hanoura formations. In the upper part of the 


Tatsukawa formation and the Lower Hanoura 
formation, there are many chert-pebble conglom¬ 
erate beds of monomictic origin (Fig. 4). The 
chert-pebble conglomerates are composed ot 
round chert pebbles of a few cm in diameter that 
occupy more than 90% of the gravds (Fig. 4). 
They are well sorted, and clast-supported. For 
this study, the author studied these monomictic 
chert-pebble conglomerates with special respect 
to reconstruct the provcnancial OPS, and extrac¬ 
ted radiolarians from chert pebbles and mud¬ 
stone clasts. 


PREPARATION AND PROCESSING OF 
SAMPLES 

This study needs some information about OPS 
of sedimentary basements and/or rerranes of ori¬ 
gin from radiolarian-bearing gravds in mono¬ 
mictic conglomerates. For this purpose, it is 
necessary to clarify the relationship between the 
lithology o( gravels and thdr radiolarian ages. 
Particularly, reconstructing the OPS oi terranes 
from gravels in monomictic conglomerates 
requires to be able to distinguish the lithology of 
gravels, whether they are of pelagic or continen¬ 
tal origin, as well as to determine their radio- 
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Fig. 5. — Middle-Late Trtassic and narltesl Jurassic radiolarians from the chert pebbles of Ihe Ryoseki-Monobegawa group in East 
Shikoku. A. Tiia&iociimp# latigiGeptialiti Ko/ur 6 Mustier;. 8, Annuiotriassocampe camp,mills Kozur & Mostlor; C, □, T rlassacanipe 
aff. sealanti Dumitrica, Kozur & Mostlot: E. Gtgi tustis De Wever; F Parahsuum simplum Yao G, Cordrn apeciofvm Rlnme; 
H, Pararucsticyrtium medlotassanlcum Komi S Mostlor; I. Hindedon.m holpmnrthi Sujjiyftrrta; J, Theocurys 6p, A ol Nakaseko & 
Nishimura, K, Hosmadia retie,ilale DurnitncM, K.ozut & Mustier: l, Tlboiella cocliletita (Nakaseko S Nishimura); M, Bcturwlla robusta 
Dumitrica, Kozin A Mostler, N, Eplmgium manlredl rvbustum Kozur & Mostler: O Eptlngnmi nahasokcl Kozur A Mnsller; 
P. Eptingiumd. mantredi Uumitrica; Q. Pseudoslylosphacra spinulosumi Nakaseko a fiahlmura). R Peeudnstyhtsiiliaeie «p C of 
Kojima & Mizutani. 1 D87, S, Psoudostylosphaora japonica (Nakaseko A Nishimura); T, Capnodoco satisa De Wover; O, Tnlottche 
japonica Nakaseko & Nishimura; V, Sarla (?) externa Blome; W, Acanthocircus vigrassi Blome. Scale bars: 100 pm; a, W; b, H, L-P, 
R-V; c, A-G, J, K, Q; d. I. 
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larian age. In the marginal area of East Asia and 
Japanese Islands, Jurassic and pre-Jutassic ACs 
originate from OPS that are mainly composed of 
chert-clastic sequences, In these chert-clastic 
sequences, sediments start from pelagic bedded 
cherts, and they gradually change upwards 
towards alternating beds of turbidite sandstones 
and mudstones (trench-fill turbidite) by way of 
hemipelagic siliceous mudstone beds. 

Regarding the conglomerates in the lower 
Cretaceous Ryoseki-Monobegawa group, the fol¬ 
lowing method of processing is used, If gravels 
are larger than 20 mm in diametet, and it is easy 
to isolate them from the matrix, gravels of cherts 
and mudstones are chemically processed separate¬ 
ly. If gravels are too small (less than 20 mm in 
diameter) and difficult to isolate separately from 
the hard matrix, slabs of conglomerates about 
5 turn thick arc made. 1'hcn, gravels are cut off 
using pliers. Alter that, the fragments of pebbles 
are classified lithologically into cherts or mud¬ 
stones, In the Ryoseki-Monobegawa group, the 
matrices of conglomerates are usually composed 
of sandstones. They contain not only elterc clasts 
hut also mudstone grains that arc less than 2 mm 
in diameter. In the study, the matrices of con¬ 
glomerates are separated from the gravels before 
processing. This method shows that the. matrices 
yield quite different kind of radiolarians abun¬ 
dantly compared with those from the chett grav¬ 
els. The samples were processed by 3-7% diluted 
HF for about 12 hours. The process was repeated 
several times. 


RADIOLARJAN AGE OF GRAVELS AND 
CLASTS 

The diert gravels of chert-pebble conglomerates 
of the Ryoseki-Monobegawa group yield Middle- 
Late Triassic, and earliest Jurassic radiolarians 
(Fig. 5). Among them, Hindedorcus hnldswonhu 
Eptingium nakasekoi, II. cf. maufredi, Triasso- 
campe aft scalaris , Annuhtriassncampe cetmpanilis , 
Trilomhe japonica , Pseudostylospbaera japonica , 
Beturiella robusta , Pseudostylospbaera spinulnsum , 
P, sp C of Kojima & Mizutani (1987), 
Triassocampe longicepbalis, Pararuesticyrtium 
mediofassanicum, Hozumadia reticulata , Tiborella 


(ochleata are characteristic of the Middle Triassic. 
Hindedorctts holdsworthi was reported from the 
chert beds of the Kinkazan, Minn-Tamba Belt 
(Sugiyama 1992). This species is characteristic in 
Hnzmadia gifucrisis assemblage of the early 
Anixian age. Eptingium nakaseko] was reported 
from the Pa race ra rites trinadnm zone (Illyrian) in 
the Balaton Hills, Hungary (Kozur &: Mnstler 
1994), Eptingitnn cf, nianfrdi is closely related 
with the same species, that was reported from the 
bedded chert sequences in the lnuyama area of 
the Mino-Tamba Belt. The species occurs with 
Triassocampe deweveri and Ladiniatt conodoncs 
(Yao 1982). Triassocampe uff. scalaris co-occurs 
with Aniskin conodonts from the chert beds of 
the South Chichibu Belt (lsltida 1984). 
Annulotriassocampe campanilis was reported from 
the Fassan beds of the Balaton Hills, Hungary 
(Kozur & MostJcr 199'!). Trilonche japonica co¬ 
occurred with Triassocampe deweveri in the chert 
of the South Chichibu Bclc (Nakaseko & 
Nisliimura 1979). Pseudostylo-spbaera japonica 
was described from the chert beds of the South 
Chichibu Bclr (Nakaseko & Nisliimura 1979). 
This species eo-occurs with Neogondolella basla- 
chensis in the late Anisian-early Ltdinian chert 
beds of the Sikhute-Alin and Sakhalin (Bragin 
1991). Another reports on occurrences are from 
bedded cherts in the Mino-Tamba Belt (Yao 
1982) and the Nadanhada, NE China (Kojima 
& Mizutani 1987). Beturiella robusta was report¬ 
ed from the “ Nodosus bed” about the Anisian/ 
Ladinian boundary in the southern Dolomiten 
Alps (Dumitrica era/. 1980). Pseudostylospbaera 
spinulnsum was reported from chert beds of the 
South Chichibu Belt (Nakaseko & Nishtmura 
1929), arid from the upper Anuian-lower 
Ladinian chert beds in the norrhernmost 
Sakhalin with Pseudostylospbaera japonica (Bragin 
1991) Pseudostyloshaera sp. C of Kojima & 
Mizutani (1987) has slightly twisted polar spines. 
This species was reported from the late Anisian 
to Ladinian bedded chert in the Nadanhada 
Range. Triassocampe longicepbalis is described in 
the early Ladinian (middle Fassanian) beds of the 
Vincentinian Alps, Italy (Kozur & Mostler 
1994). Pararuesticyrtium mediofassanicum is 
known in the Ladinocampe multiperforata zone of 
the middle Fassanian beds in the Vincentinian 
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Fig 6. — Photomicrographs showing clasts (sand sizes) ol mudstones (dark) and cherts (light) in the matrix part of the chert-pebble 
conglomerates. These mudstone clasts contain many radiolarian tests (small round circles). A-D, Psammitic matrices of the chert- 
pebble conglomerates in the Ryoseki-Monobegawa group. East Shikoku, Scale bars: 1 mm, 

Alps, Italy (Kozur & Mostler 1994). Hozumadia from the upper Carnian (?)-ntiddle Norian beds 
reticulata is reported from the lower Ladinian in Mid-East Oregon (Blome 1983). Actwtbo- 
beds in the Southern Alps (Dumltrica et ill. circus vigrassi was reported from the Triassic 
1980). The species is characteristic in Spongo- (upper Carnian (’)-middle Norian) Cabin mud- 
silicarmrgcr Miens zone of the lower Fassanian stone in East Oregon (Blome 1984). Comm spe- 
(Kozur & Mostler 1994). Tiborella cocbkata is ciosunt is described from the Rail Cabin 
reported with Triassorampe deweuert from chert mudstone (lower-mitkllc Norian) in Oregon 
in Inuyama, Mino-Tamba Bclc (Nakascko & (Blome 1984). Paleosaturnalis sp. arc extracted 
Nishimura 1979). with Sarin (?) externa from a chert pebble in the 

The Upper Triassic ratliolarians such as conglomerate. 

Capnodoce sarisa , Theocorys sp. A, Sarla (?) exter- Parahsuum simplum and GigiJitstis of the earliest 
na, Acanthocircm vigrassi and Corum speciosum Jurassic materials are also found in the other 
are extracted from chert pebbles. Capnodoce sari- chert gravels. Parahsuum si rap linn is the index 
sa is described (rom the Upper Triassic forma- species of the P simp linn zone (Hori 1990). This 
tions in Turkey and Sicily (Dc Wever et al. species is widely reported from the bedded chert 
1979). This species occurs with Theocorys sp. A in Mfno-Tatnba, Ashio, North Chichibu and 
and Carnian conodonts from the giay chert in South Chichibu belts (Yao 1982; Suyari et al. 
Shimo-aso ol the Mino-Tamba Belt (Nakaseko 1982; Ishida 1983; Sashida 1988). Gigi finds is 
& Nishimura 1979). Sarla (?) externa is reporred reported from the calcareous chert in the lower 
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Fig. 7. — Early, Middle and Late Jurassic racjiolarians front ihe small clasts and pebbles of mudstones in the chert-pebble conglom¬ 
erates of the Ryoseki-Monobegawa group in East Shikoku. A, Paratisuum ovale Hori & Yao; B Paiahsuum (?) grande Hori & Yao; 
C, Dictyomilrella kamoensis Mlzutani & Kldo; D, Ristola dtiimenaensis (Baumgartner); E, F, Archaeodictyomitra suzukil Alta; 
G, Tricolocapsa fusiformis Yao; H, Tricolocapsa aff. fusiforrms Yao; 1-K, Tricolocapsa plicarum Yao; L, Tricolocapsa cf. ruasti Tan, 
M, Stichocapsa japonica Yao, N, Tricolocapsa cf pampora Tan of Yao, 0, THeocapsomma cordis Kocher, P, Q, Slylocapsa oblon- 
gula Kocher; R, Eucyrtidiellum unumaensis (Yao); S, Eucyrtidiellum nodosum Wakita Scale bars: 100 pm; a. A, D; b. B, C, E-G, l-L; 
c, H, M-S. 
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Fig. 8 — Middle-Late Jurassic and earliest Cretaceous radiolarians from the small clasts and pebbles of mudstones in the chert- 
pebble conglomerates of the Ryoseki-Monobegawa group in East Shikoku. A, B, Pseudodldyomitra primltiva Yao; C. Selhocapsa 
pseudoulerculus Ait a; D. Eucyrtldiellum pyrarnis (Alta); E, Selhocapsa horokanaiensis Kawabata; F, Hsuiim maxwelli Pessagno; G. 
H. Stichocapsa naradaniensis Matsuoka; I. Piotunuma japonlcus Matsuoka & Yao; J, Cmguloturris carpalica Durnltrica; K, L, 
Tricolocapsa conexa Matsuoka; M, Slylocapsa tacrimaris Matsuoka; N, Stylocapsa (?) spiralis Matsuoka. O. Gongylothorax lavosus 
Dumitrica; P, Stichocapsa robsta Matsuoka. Scale bars: 100 pm; a, A-J. L, M. P; b. K, N, 0 
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Radiolarians as tracers for provenance of gravels in Lower Cretaceous molasse (Outer Zone ofSW Japan) 


Liassic (Sinemurian-?Plicnsbachian) Budva zone 
in the Dinarides, Montenegro (Gorican 1994). 
The related species co-occur with P. shnfdum 
from chert in The Katsuyama Section of the 
Mino-Tamha Belt (Hori 1990). 

Matrices of the chert-pebble conglomerates 
contain many small clasts ol mudstones as well as 
small clasts of cherts. Their diameters arc less 
dtan 2 mm. Among these mudstone clasts, some 
are composed of micaceous black mudstones. 
The others arc siliceous mudstones and tuffa- 
ceous ones that are usually dark gray or black 
colored. They commonly contain many radiolar¬ 
ians (Fig. 6). These small clasts of mudstones 
and some mudstone pebbles in the chert-pebble 
conglomerates yield the Early Jurassic, Middle- 
early latte Jurassic, Late Jurassic, and the earliest 
Cretaceous radiolatians (Figs. 7, 8). Among 
them, the Early Jurassic materials are Parabsuuin 
ovale and Parahsuttm (?) greatde. Parahsuttm ovale 
has irs range in the Patdbsuum iirapltan zone. 
This species is nearly the same age as P. simplum. 
but appears later in the bedded chert sequences 
of the Mino-Tamba Belt (Hori 1990). This spe¬ 
cies is also reported from the black mudstone of 
the North Chichibti Belt in Kyushu, SW Japan 
(Hori 1990; Miyamoto & Kuwazuru 1993), 
Parahsmm (?) grande is the index species of the 
zone that belongs to the Upper Lower Jurassic 
(Hori 1990). The Middle-early Lace Jurassic 
materials are Tricolocapsa plica rum, T. fusiformh, 
f. aff. fitsiforints , /. conexa , T. pnrvipora, T. cf. 
rttesti, Gongylothoraxfavosus, Eucyrtidicllum unu- 
m a cast's, E. nodosum, Theocapsomma cordis, 
DictyomitreHa ka/noensis, Arclwodictyownra cf. 
Suzuki/, Stichocapsa japonica , S, rnbusta , 
Stylocapsa oblong/da, Hsttum maxivcUi, Ristnlu 
dhhnenae/tsis. They are reported Irom the 
Tricolocapsa plicamm zone and Tricolocapsa cortexa 
zone or Stylocapsa (?) spiralis zone ol Matsnoka 
(1995), and/or Tricolocapsa tctragotia interval 
zone (1Z; Callovian)-7wfwa«f’//b bipposidericus 
zone (Oxfordian) of Aita (1987). For example, 
Tricolocapsa conexa ranges Irom the Tricolocapsa 
tetragonn 1Z to the h'nremanella bipposidericus 
zone ol Aita (1987). It also ranges from the 
Tricolocapsa conexa zone (upper Bathoniau) to 
the Stylocapsa (?) spiralis zone (.Oxfordian) of 
Matsuoka (1995). This species is regarded to 


indicate the UA zones 6-15 of Gorican (1994) 
and the UA zones 4-7 of InterRad J-C WG 
(1995). These zones are correlated with the lare 
Bajocian to Bathonian or Callovian. Tricolocapsa 
parvipora has irs range in the Tricolocapsa tctnlgo'- 
na VL-Ampbipyndax tsunoensis 1Z of Aita (1987). 
t his species is regarded to indicate the UA zones 
3-5 of Baumgartner (1984), and the UA zones 
6-7 (InterRad J-C WG 1995) that are correlated 
with the late Middle-early Late Jurassic (middle 
Bathonian to Callovian or early Oxfordian). 
Cingulaturris carpatica , Stylocapsa lacrimarli, 
Stylocapsa (?) spiralis, Slicbocapsa noradauieusis, 
Protuuuma japonicus arc characteristic of the 
Stylocapsa (?) spiralis i.one-Cingitloiurris carpatica 
zone (Lower-middle Upper Jurassic) ot Matsuoka 
(Sc Yao (1985), and the Stylocapsa (?) spiralis zone- 
Hsuum maxwelli zone (uppermost Callovian- 
Kimmcridgiaii) of Matsuoka (1995). The latest 
Jurassic and earliest Cretaceous materials are 
Bseudodictyomitra primitiva , Sethoeapsa boroka- 
naiensis , Sethoeapsa pscndouiereulus, Eucyr-ridiel- 
Ittni pyramis. Among them, Pseudodictyo-mitra 
primitiva is the zone index species (Matsuoka 
1995), Sethoeapsa pscndoutercnlus and 
Eucyrtidicllum pyramis are characteristic of the 
lowest Cretaceous Ditrnbs sansalvadorensis zone 
(Aita 1986). According to Kawab.ua (1988), 
Sethoeapsa horokanatensis ranges from the 
Tricolocapsa yaoi assemblage zone (AZ) to the 
Pscttdodictyotniint primitiva AZ of Matsuoka & 
Yao (1985). This species occurred partly with 
P. primitiva or E. pyramis in the chert-siliceous 
mudstone sequences of the Sorachi group. 

Other assemblages include Early and Late 
Permian radiolarians such as Psendtialbaillella 
scalp rat a morphotvpe posiscalpraia, Follicucullus 
portraits, E scholasticus, E ebarveti, Albaillclta 
asymmetriat, A. triangularis, A. cxcelsa, A. all. 
lev is and Nazarovclla sp. (Fie. 9). According ro 
Ishiga (1990), PseudoalbailleHa scalprata morpho- 
type postscalpntta has its tangc in the upper 
Lower Permian. Albaillclla asymmetrica ranges 
from the upper Lower to lower Middle Permian. 
The other species have ranges in the Upper 
Permian F. scholasticus zone to the NeoalbaillelLi 
ornithoformis zone ot the A', optima zone (Ishiga 
1990, 1991). Among them, Follicucullus scbolas- 
tints, F. pnrrectus and A. triangularis are extracted 
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Fig. 9. — Permian radlolarians Irom the mudstone clasts (A-H) and chert pebbles (l-T) in the chert-pebble conglomerates ol the 
Ryoseki-Monobegawa group in East Shikoku. A-D, Follicucullus charveli Caridroit & De Wevet, every ventral spine below sinus is 
broken oft; E, Follicucullus scholasticus Ormiston & Babcock.; F G, Follicucullus porrectus Rudenko; H-J, AlPalllella triangularis 
Ishiga, Kito & Imoto: I, Ventral wing-side view. Ventral wing is broken off; K, AlPalllella aff. levls Ishiga Kito & Imoto of Kuwahara, 
1997; L, Albaillella excelsa Ishiga. Kito & Imoto; M. Follicucullus scholasticus Ormiston & Babcock. N, O, Follicucullus porrectus 
Rudenko; P. Nazarovella sp.; Q, Albaillella asymmetrica Ishiga & Imoto; R-T, Pseudoalbaillella scalprata morphotype postscalprata 
Ishiga. Scale bars; 100 pm; a, D, F-H, N, P, Q; b, A-C, E, l-M, O, R-T. 
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from chert pebbles and mudscone clasts. 
FoMcucuUhs charveti is only extracted from rhe 
mudstone clasts, whereas Pseudoalbaillella soil- 
prata morphotype postscalpmta , Albaillelbi asym¬ 
metrical A. excelsa , A. aff. levi > and Nazarovella 
sp. are extracted from the chert pebbles. 

RECONSTRUCTION AND CORRELATION 
OF OCEANIC PLATE STRATIGRAPHY 

Age determinations on chert and mudstone grav¬ 
els and fine clasts of mudstones allows a recon¬ 
struction of “continuous" stratigraphy ranging 
from Middle Triassic to the lowest Cretaceous 
(Fig. 10). The succession reveals a chert-clastic 
sequence that is usually found in place in the 
Jurassic AC, with clear lithologic boundary be¬ 
tween chert and mudstone just in the Pamhsuum 
sirnphnn tone of the Lower Jurassic (Hori 1990; 
Matsuoka 1995). 

In the Chichibu Superterrane, Jurassic AC is dis¬ 
tributed both in the South and North Chichibu 
belts (Fig. 2). They arc very close to rhe studied 
formations, and have OPSs of chert-clastic 
sequences. Comparing the OPS ol the North 
Chichibu Belt with the OPS of the South 
Chichibu Belt, the complex of the North 
Chichibu Belt was accreted earlier (Fig. 11). The 
chert facies of the North Chichibu Belt ends in 
the uppermost Triassic Ginoptuifl triasticum zone 
or the lowest Jurassic Parahsuum sintplum zone 
(Suyari, et al. 1982; Ishidrt 1985). On the other 
side, chert tacieS of the South Chichibu Belt 
continues into the Middle Jurassic Laxtnrum (?) 
jurassicum zone-lower Upper Jurassic Stylocapsa 
(?) -spiralis zone (Matsuoka 1984, 1996; Ishida 
1985, 1987a; Hoshina el al. 1995; Isozaki 
1997b). The OPS of origin inferred from the 
gravels is correlative with the OPS of the North 
Chichibu Belt rather than with the OPS of the 
South Chichjbu Belt (Fig. 11). 

Concerning the Permian, two types of geological 
columns are reconstructed. The first one is com¬ 
posed of chert ranging from the Lower to the 
llpper Permian. The second one is composed of 
the Upper Permian mudstone facies character¬ 
ized by the occurrence of Folltcuctdlus charveti. 
The distribution of F. charveti is strictly restricted 


among the Late Permian faunas. The fauna that 
includes F. charveti is distributed in the Upper- 
Permian pelitic facies of ihe Maizuru, Ultra- 
Tamba and the Kuroscgawa belts (Caridroit & 
De Wevcr 1986; Ishiga 1990; Isozaki 1997a). 
Upper Permian mudstone-clasts are probably 
derived from these belts. On rbe contrary. Upper 
Permian cherts are commonly included in rhe 
Jurassic AC of the North and South Chichibu 
belts in the Outer Zone of SW Japan (Fig. 11). 
In rhe Inner Zone, they are common in the 
Jurassic AC of the Mino-Tamba Belt (e.g., Ishiga 
& Iinoto 1980; Kuwahara 1997). 


PROVENANCE OF CHERT AND 
MUDSTONE GRAVELS IN RYOSEKI- 
MONOBEGAWA GROUP 

Among these radiolarian-bearing gravels and 
clasts, Triassic to Early Jurassic chert pebbles and 
Early to early Middle Jurassic mudstone clasts are 
probably derived from the AC of the North 
Chichibu Belt. On the contrary, the late Middle- 
Late Jurassic and earliest Cretaceous mudstone 
clasts arc considered to be derived Irom the equi¬ 
valents of the Torinosti group (Ishida 1994). The 
same species of late Middle-Late Jurassic and the 
earliest Cretaceous radiolarians arc common in 
the Torinosu group. The Torinosu group is 
Upper Middle-Upper Jurassic and lowest 
Cretaceous open-sea and shallow marine sedi¬ 
ments composed of mudstone facies with small 
amount of sandstones, muddy limestones and 
conglomerates. The thickness is thinner than 
250 m. The Torinosu group is now distributed 
in the South Chichibu Belt and the south Unit of 
the Kuroscgawa Belt where the group unconforiri- 
ably overlies the pre-Jurassic AC? and the Triassic 
shallow-marine formations (Fig. 11). On one 
hand, the shallow-marine Triassic formation is 
never distributed in the north unit of the 
Kuroscgawa Belt nor North Chichibu Belt where 
the Ryoseki-Monobegawa group unconformably 
overlies the Permian AC directly. There are large 
stratigraphic and facies gaps between the 
Permian AC and the Lower Cretaceous paralic 
formations in the north unit of the Kurosegawa 
Belr, whereas the Lower Cretaceous Takegatani 
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Age Lithology Assemblage or index species 
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Archaeodictyomitra pseudoscalaris 

Reworked into Ryoseki-Monobegawa 
group by erosion 

Sethocapsa pseudouterculus 
Eucyrtiaiellum pyramis 
Pseudodictyomitra primitiva 
Sethocapsa horokanaiensis 
Cinguloturris carpatica 
Stylocapsa (?) spiralis 
Tricolocapsa conexa 
Eucyrtidiellum unumaensis 
Tricolocapsa fusiformis 
Tricolocapsa plicarum 


Parahsuum (?) grande 

Parahsuum ovale 
Gigi fust is 

Parahsuum simplum 

Corum speciosum 
Sarla (Ifextenta 

Capnodoce sarisa 

'Triassocampe longicephalis 
Pararues ticyrtium mediofassanicum 
Hozmadia reticulata 


,U 


E M 


i > iuuiu i uvivuiu 

£dV Annuiotriassocampe campanilis 
2&\Pseudostylosphaera japonica 

i Eptingium nakasekoi 
i\ Triassocampe aff. scalaris 
\Hindedorcus holdsworthi 


Albaillella aff. levls 
Albaillella triangularis 
Albaillella excelsa 
Follicucullus porrectus 
Follicucullus scholasticus 


Albaillella asymmetrica 
Pseudoalbaillella scalprata 
~\m. postscalprata 



'Follicucullus charveti 
Albailella triangularis 
Follicucullus porrectus 
Follicucullus scholasticus 


chert 


detrital fine elastics 

black mudstone & siliceous mudstone 



conglomeratic formations of 
Ryoseki-Monobegawa group 


Fig. 10. — Schematic columns showing the oceanic plate stratigraphy of the provenancial terranes. They are inferred from the radio- 
larian-bearing chert-pebbles and mudstone-clasts in the chert-pebble conglomerates of the Ryoseki-Monobegawa group. 
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Fig. 11. — Stratigraphy of the upper Paleozoic and Mesozoic formations in the North Chichibu. South Chichibu and Kurosegawa 
belts in the Chichibu Superterrane, East Shikoku. 


group and the Masakidani formation that are 
equivalent of the Ryoscki-Monobegawa group 
overlie the Torinosu group in the south unit of 
the Kurosegawa Belt and the South Chichibu 
Belt. There are not important stratigraphic gaps 
nor facial differences among the Torinosu group, 
Ryoseki-Monobegawa group and its equivalents 
(Fig. 11). 

As a result, the author considers that these chert 
pebbles probably originated from the chert-clas¬ 
tic sequences and/or complexes of the North 
Chichibu Belt. It also indicates that the Lower to 
lower Middle Jurassic ACs of rhe North 
Chichibu Belt probably cropped out at the conti¬ 
nental side of the Ryoseki-Monobcg.nva group, 
and were already eroded in rhe Early Cretaceous. 
On one hand, pebbles and small fragments of 
mudstones containing the Late Middle to Late 
Jurassic and the earliest Cretaceous radiolarians 
probably originated from ilie late Middle 
Jurassic-earlicst Cretaceous cover formations rhat 
are the equivalent of the Torinosu group. The 
equivalents of the Torinosu group were spread 
widely above the North Chichibu Belt and they 
were eroded together at the same otogenic event. 


PROVENANCE OF ACCOMPANIED 
FUSULINACEAN-L1MESTONF. PEBBLES 

In addition to chert pebbles, the conglomerate of 
the Lower Hanoura formation also contains 
small gravels of micrilic limestones. Limestone 
gravels usually do not derive from long distances, 
as liver wafers usually have acidic chemical 
conditions. They contain Permian and Carboni¬ 
ferous (usulinids species of Fusulinella, Neo- 
schwagerina and Yabeina. Among them, 
N, cratiailifera is characteristic of these micritic 
limestone gravels. Large blocks of white micrircs 
that contain species of Neaschwitgerina, Yabcina 
and Fusulinella arc characteristic in rhe Jurassic 
ACs of the North and South Chichibu belts, 
whereas the Cola n ia-L cpi doll a a hearing muddy 
limestones are characteristic in the Kurosegawa 
Belt (Ishii 1990). It suggests that the Notth 
Chichibu and the Kurosegawa belts belong to 
two distinct units. It is also remarkable that the 
tusulinid-bearing while micrite pebbles are in- 
cloded in rhe chert-pebble conglomerates. 
Therefore, these micrite pebbles ate probably 
derived from the limestone blocks of the North 
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Chichibu Belt. They .ire transported together 
with the radiolarian-bearing chert pebbles and 
mudstone clasts, Based on paleocurrent evi¬ 
dences (Matsukawa & Tsuneoka 1993) and 
facies analysis (Ishida et aL 1992., 1996), sedi¬ 
ments of the Ryoseki-Monobegavva group were 
transported from the northwest to the southeast. 
The direction of transport is relevant to a poten¬ 
tial provenance from the North Chichibu Belt. 
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